Introduction {#sec1-0300060520945504}
============

In recent years, increasing numbers of intracranial aneurysm and large vessel occlusion cases have been treated using endovascular technology,^[@bibr1-0300060520945504][@bibr2-0300060520945504]--[@bibr3-0300060520945504]^ because of the rapid development of this technology. As a consequence, extravasation of contrast media often occurs.^[@bibr4-0300060520945504]^ However, a case of acute communicating hydrocephalus caused by extravasation of contrast media has not previously been reported.

Case report {#sec2-0300060520945504}
===========

A 78-year-old woman came to the hospital because of sudden right-sided limb weakness for 4.5 hours. The muscle strength of the right limb was determined by physical examination to be grade 1/5. Her National Institutes of Health Stroke Scale (NIHSS) score was 15. A head computed tomography angiography was performed, which indicated occlusion of the left internal carotid artery ([Figure 1](#fig1-0300060520945504){ref-type="fig"}). This was followed by emergency digital subtraction angiography (DSA), which revealed occlusion of the C4 (intracavernous) portion of the left internal carotid artery ([Figure 2](#fig2-0300060520945504){ref-type="fig"}). Next, an intra-arterial mechanical thrombectomy procedure was performed (using a Solitaire FR, Medtronic, Inc., Fridley, MN, USA). Postoperative imaging of the left internal carotid artery revealed unobstructed restoration of blood flow, and the thrombolysis in cerebral infarction (TICI) was assessed to be grade 3 ([Figure 3](#fig3-0300060520945504){ref-type="fig"}). However, immediately after the operation, head computed tomography (CT) revealed high-density shadows in the left basal ganglia, occipital horn of the left lateral ventricle, and left frontal lobe ([Figures 4](#fig4-0300060520945504){ref-type="fig"}[](#fig5-0300060520945504){ref-type="fig"}[](#fig6-0300060520945504){ref-type="fig"}--[7](#fig7-0300060520945504){ref-type="fig"}). After 12 hours, the patient fell into a coma. Repeat head CT indicated acute hydrocephalus with significant enlargement of the fourth ventricle, third ventricle, and bilateral lateral ventricles ([Figures 8](#fig8-0300060520945504){ref-type="fig"}[](#fig9-0300060520945504){ref-type="fig"}[](#fig10-0300060520945504){ref-type="fig"}--[11](#fig11-0300060520945504){ref-type="fig"}). Concurrently, the high-density shadow in the basal ganglia, occipital horn of the left lateral ventricle, and frontal lobe became much lighter ([Figures 8](#fig8-0300060520945504){ref-type="fig"}[](#fig9-0300060520945504){ref-type="fig"}[](#fig10-0300060520945504){ref-type="fig"}--[11](#fig11-0300060520945504){ref-type="fig"}). Emergency cerebral drainage was performed. The drainage fluid was clear, with scant red blood cells found in routine cerebrospinal fluid (CSF) examination (CSF routine examination: red blood cell count 100/μL). The high-density shadow on the CT image had become even lighter by 1 day after the operation ([Figures 12](#fig12-0300060520945504){ref-type="fig"}, [13](#fig13-0300060520945504){ref-type="fig"}), indicating extravasation of a considerable amount of contrast medium. The patient regained consciousness after the procedure, and the drainage tube was removed 4 days later. There was no recurrence of hydrocephalus ([Figures 14](#fig14-0300060520945504){ref-type="fig"}, [15](#fig15-0300060520945504){ref-type="fig"}). The patient's condition improved gradually, and after 1 month the patient was transferred to a rehabilitation hospital for further treatment.

![Computed tomography angiography indicating occlusion of the left internal carotid artery.](10.1177_0300060520945504-fig1){#fig1-0300060520945504}

![Digital subtraction angiography suggesting occlusion of the C4 (intracavernous) portion of the left internal carotid artery.](10.1177_0300060520945504-fig2){#fig2-0300060520945504}

![Postoperative restoration of blood flow in the left internal carotid artery.](10.1177_0300060520945504-fig3){#fig3-0300060520945504}

![Postoperative head computed tomography demonstrating a high-density shadow in the left basal ganglia, occipital horn of the left lateral ventricle, and left frontal lobe.](10.1177_0300060520945504-fig4){#fig4-0300060520945504}

![Postoperative head computed tomography demonstrating a high-density shadow in the left basal ganglia, occipital horn of the left lateral ventricle, and left frontal lobe.](10.1177_0300060520945504-fig5){#fig5-0300060520945504}

![Postoperative head computed tomography demonstrating a high-density shadow in the left basal ganglia, occipital horn of the left lateral ventricle, and left frontal lobe.](10.1177_0300060520945504-fig6){#fig6-0300060520945504}

![Postoperative head computed tomography demonstrating a high-density shadow in the left basal ganglia, occipital horn of the left lateral ventricle, and left frontal lobe.](10.1177_0300060520945504-fig7){#fig7-0300060520945504}

![Twelve hours after the scan in [Figures 4](#fig4-0300060520945504){ref-type="fig"}[](#fig5-0300060520945504){ref-type="fig"}[](#fig6-0300060520945504){ref-type="fig"}--[7](#fig7-0300060520945504){ref-type="fig"}, repeat head computed tomography indicated acute hydrocephalus with significant enlargement of the fourth ventricle, third ventricle, and bilateral lateral ventricles. The high-density shadow in the basal ganglia, occipital horn of the left lateral ventricle, and frontal lobe had also become lighter.](10.1177_0300060520945504-fig8){#fig8-0300060520945504}

![Twelve hours after the scan in [Figures 4](#fig4-0300060520945504){ref-type="fig"}[](#fig5-0300060520945504){ref-type="fig"}[](#fig6-0300060520945504){ref-type="fig"}--[7](#fig7-0300060520945504){ref-type="fig"}, repeat head computed tomography indicated acute hydrocephalus with significant enlargement of the fourth ventricle, third ventricle, and bilateral lateral ventricles. The high-density shadow in the basal ganglia, occipital horn of the left lateral ventricle, and frontal lobe had also become lighter.](10.1177_0300060520945504-fig9){#fig9-0300060520945504}

![Twelve hours after the scan in [Figures 4](#fig4-0300060520945504){ref-type="fig"}[](#fig5-0300060520945504){ref-type="fig"}[](#fig6-0300060520945504){ref-type="fig"}--[7](#fig7-0300060520945504){ref-type="fig"}, repeat head computed tomography indicated acute hydrocephalus with significant enlargement of the fourth ventricle, third ventricle, and bilateral lateral ventricles. The high-density shadow in the basal ganglia, occipital horn of the left lateral ventricle, and frontal lobe had also become lighter.](10.1177_0300060520945504-fig10){#fig10-0300060520945504}

![Twelve hours after the scan in [Figures 4](#fig4-0300060520945504){ref-type="fig"}[](#fig5-0300060520945504){ref-type="fig"}[](#fig6-0300060520945504){ref-type="fig"}--[7](#fig7-0300060520945504){ref-type="fig"}, repeat head computed tomography indicated acute hydrocephalus with significant enlargement of the fourth ventricle, third ventricle, and bilateral lateral ventricles. The high-density shadow in the basal ganglia, occipital horn of the left lateral ventricle, and frontal lobe had also become lighter.](10.1177_0300060520945504-fig11){#fig11-0300060520945504}

![The high-density shadow on the computed tomography image was reduced by 1 day after the operation (36 hours after the digital subtraction angiography).](10.1177_0300060520945504-fig12){#fig12-0300060520945504}

![The high-density shadow on the computed tomography image was reduced by 1 day after the operation (36 hours after the digital subtraction angiography).](10.1177_0300060520945504-fig13){#fig13-0300060520945504}

![Removal of the drainage tube at 4 days after the extraventricular drainage procedure. No recurrence of hydrocephalus was recorded during follow-up.](10.1177_0300060520945504-fig14){#fig14-0300060520945504}

![Removal of the drainage tube at 4 days after the extraventricular drainage procedure. No recurrence of hydrocephalus was recorded during follow-up.](10.1177_0300060520945504-fig15){#fig15-0300060520945504}

Discussion {#sec3-0300060520945504}
==========

There are two kinds of hydrocephalus: communicating hydrocephalus and non-communicating hydrocephalus (formerly known as obstructive hydrocephalus). Communicating hydrocephalus occurs when there is increased resistance to CSF outflow after it exits the ventricles, exhibited by the expansion of the whole ventricle. One kind of communicating hydrocephalus is caused by absorption disorders, such as subarachnoid hemorrhage, meningitis, tumor, and brain trauma. The other kind is caused by excessive production disorders, such as normal pressure hydrocephalus and overproduction of CSF, and is not related to absorption defects.

Although a large number of studies have investigated the causes of communicating hydrocephalus, the underlying mechanisms remain unclear. The most widely accepted mechanism is blockage of the arachnoid granulations, with impaired CSF absorption resulting in dilatation of the entire ventricular system.^[@bibr5-0300060520945504]^ Meningitis can lead to communicating hydrocephalus, the two best described mechanisms are blockage of the arachnoid granulations by exudates and high protein levels in the CSF, which both prevent CSF absorption.^[@bibr6-0300060520945504]^ In addition, there is a vast amount of literature demonstrating that elevated CSF protein levels may lead to CSF malabsorption at the level of arachnoid granulations.^[@bibr7-0300060520945504][@bibr8-0300060520945504]--[@bibr9-0300060520945504]^

Hydrocephalus presents in approximately 20% to 30% of patients after subarachnoid hemorrhage,^[@bibr10-0300060520945504],[@bibr11-0300060520945504]^ and is often of the communicating variety. Patients can be treated with ventriculoperitoneal shunts. Certain tumors (both benign and malignant) can also present with communicating hydrocephalus, such as vestibular schwannomas (in 13 of 291 patients, or 4.46%)^[@bibr12-0300060520945504]^ and high-grade gliomas (in 8 of 278 patients, or 3%).^[@bibr13-0300060520945504]^ These patients can be treated with a ventriculoperitoneal shunt or endoscopic third ventriculostomy.

Acute hydrocephalus, whether communicating or non-communicating, is often fatal and requires urgent treatment. Acute non-communicating hydrocephalus caused by cerebellar hemorrhage is common, and external ventricular drainage is an effective treatment. Recent reports of acute communicating hydrocephalus include a case of intracranial endodermal cyst that presented with acute non-obstructive hydrocephalus,^[@bibr14-0300060520945504]^ a case of neuromyelitis optica causing acute communicating hydrocephalus,^[@bibr15-0300060520945504]^ and a case of acute communicating hydrocephalus after lumbar lipomyelocele.^[@bibr16-0300060520945504]^

Extravasation rates are 0.045% for gadolinium-based contrast agents and nearly six-fold higher, at 0.26%, for iodinated contrast agents.^[@bibr17-0300060520945504]^ Extravasation is considered to be caused by disruption of the blood--brain barrier or blood--CSF barrier.^[@bibr18-0300060520945504],[@bibr19-0300060520945504]^ Most extravasations are well-tolerated and resolve without surgical intervention.^[@bibr17-0300060520945504]^ In the present case, a differential diagnosis of hemorrhage was able to be eliminated with the following five points: (1) the high-density shadow on CT scans had rapid dissolution; (2) there was drainage of clear fluid; (3) the structure of the left basal ganglia remained intact after the high-density shadow disappeared; (4) a scant amount of red blood cells were found in the routine CSF examination; and (5) the HU of the high-density shadow on CT was markedly higher than that of a hematoma (approximately 90 HU, on average). The contrast agent that was used in our patient was composed of iodixanol (Visipaque), which is relatively viscous. After injection, it is primarily eliminated in its original form through the kidneys. We therefore concluded that the patient's acute communicating hydrocephalus was caused by the malabsorption of CSF.

Conclusion {#sec4-0300060520945504}
==========

Extravasation of contrast medium is a rare complication of DSA that can result in acute communicating hydrocephalus. A prompt CT scan should always be performed when patients experience neurological worsening following these procedures, to avoid the fatal evolution of such complications.
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